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Transport Findings 
In the context of reduced public transport capacity in the wake of the COVID-19 
pandemic, governments are scrambling to enable walking and cycling while 
adhering to physical distancing guidelines. Many pop-up options exist. Of these, 
road space reallocation represents a ‘quick win’ for cities with ‘spare space’ along 
continuous road sections that have high latent cycling potential. We developed 
methods to condense the complexity of city networks down to the most 
promising roads for road space reallocation schemes. The resulting Rapid 
Cycleway Prioritisation Tool has been deployed for all cities in England to help 
prioritise emergency funds for new cycleways nationwide. The methods and 
concepts could be used to support investment in pop-up infrastructure in cities 
worldwide. 
research questions and hypothesis 
Much attention has focused on the impacts of COVID-19 on long-distance 
travel patterns (e.g. Iacus et al. 2020; Jittrapirom and Tanaksaranond 2020) 
but short distance travel patterns have also changed. There has been a notable 
increase in cycling in some areas (Harrabin 2020) due to the increased need 
for exercise close to home for mental and physical health (Jiménez-Pavón, 
Carbonell-Baeza, and Lavie 2020) and a reduction in public transport options 
(e.g. Tian et al. 2020). The second reason is particularly important given that 
many ‘key workers’ are low paid, with limited access to private automobiles. 
Local and national governments are working out how best to respond. Many 
options are available to ensure that citizens can benefit from outdoor activity 
while minimising health risks, ranging from hand sanitiser provision to the 
creation of extra active transport space (Freeman and Eykelbosh 2020). 
Installation of ‘pop-up’ active transport infrastructure has been endorsed and 
implemented in many places (Laker 2020). The Scottish government, for 
example, has provided £10 million “to keep key workers moving” by 
“reallocating road space to better enable this shift and make it safer for people 
who choose to walk, cycle or wheel for essential trips or for exercise” (Transport 
Scotland 2020). On 9th May 2020, the UK government announced a £250 
million package for pop-up active transport infrastructure (Reid 2020). 
Significantly, alongside this funding comes updated statutory guidance on 
pop-up infrastructure and safety. Evidence is needed to ensure that such 
investment is spent effectively and where it is most needed. 
Most pop-up active transport infrastructure can be classified into three broad 
categories: 
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The focus of this article is on the third category. The research question is: 
How can automated data analysis and interactive visualisation 
methods help prioritise the reallocation of road space for pop-up 
active transport infrastructure? 
Because of the recent, localised and often ad-hoc nature of pop-up 
infrastructure, it is difficult to make, let alone test, hypotheses related to the 
research question. Our broad hypothesis is that digital tools based on open 
data, combined with crowdsourcing such as the interactive map used to 
support community-level responses to COVID-19 in Salford (Salford City 
Council 2020; Parkin 2018), illustrated in Figure 1, can lead to more effective 
use of resources allocated to pop-up interventions. 
methods and data 
Two key datasets were used for the project: 
Datasets from the PCT and CyIPT project were merged, resulting in crucial 
variables summarised in Table 1. Cycling potential is defined as the number 
of one-way journeys to work and to school, under a scenario in which the 
government aim of doubling cycling levels is met. This does not include other 
types of journey such as leisure and shopping. 
Roads are classified by speed limit because this has been shown to be a key 
factor associated with the incidence of severe injuries and fatalities of cyclists 
(Chen and Shen 2016), with odds of cyclist injury on 20 mph (32.2 kmph) 
roads in London found to be 21% lower than on 30 mph (48.3 kmph) roads 
1. Measures such as point closures or contraflow cycle lanes, which can 
be used to promote ‘filtered permeability’, a strategy in which street 
networks are redesigned so that routes for cyclists are faster and more 
direct than routes for drivers. An example of this is shown in Tower 
Hamlets. 
2. Measures to close roads entirely to cars, either permanently or at 
certain times of day, as in New York’s ‘Open Streets’ scheme (Litman 
2020). 
3. Measures to reallocate space on wide roads to create new cycleways or 
to widen pavements (Orsman 2020). 
• Estimates of cycling potential at the street segment level from the UK 
Department for Transport funded Propensity to Cycle Tool (PCT) 
project (Goodman et al. 2019; Lovelace et al. 2017) 
• Data derived from OpenStreetMap, with several new variables added 
to support cycling infrastructure planning (see www.cyipt.bike for an 
overview) 
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Figure 1: Screenshots from the websites widenmypath.com (top) which includes top cycle route recommendations 
generated using the methods outlined in this paper in an open web forum, and salfordliveablestreets.commonplace.is 
(bottom) to support local responses to the COVID-19 pandemic, including the prioritisation of pop-up active transport 
infrastructure. 
(Aldred et al. 2018). Therefore the suitability of roads for cycle infrastructure, 
the preferred degree of physical segregation, or the necessity to reduce traffic 
speeds could all be influenced by current speed limits. 
geographic subsetting 
The region of analysis may seem like a basic consideration: most cities have 
well-defined administrative zones. In Leeds and many other cities, it makes 
sense to focus on the region directly surrounding the city centre, in a kind of 
‘geographical triage’ to omit from the analysis pop-up options in the outskirts, 
focus valuable attention on the routes that are most likely to serve the highest 
number of people, and ensure that road sections outside administrative areas 
but close to key destinations are included. 
Figure 2 shows three broad strategies for geographic subsetting: based on 
administrative boundaries, distance from the centre, and distance from the 
centre and key destinations. Major hospitals are used to illustrate the third 
strategy, as many key workers need to get to hospitals. Schools could also be 
used here as an example of a key destination that may not fit well within 
administrative zones. The latter case (Figure 2, right) shows that administrative 
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Table 1: Summary of the road segment dataset for Leeds. Units of speed are in miles per hour (mph), with 20, 30 and 40 
mph representing 32, 48 and 64 kilometers per hour respectively. 
20 mph or less 30 mph 40+ mph Overall 
N. observations 
4777 19241 3105 27123 
Highway type 
53 (1.1%) 0 (0%) 0 (0%) 53 (0.2%) 
1214 (25.4%) 0 (0%) 0 (0%) 1214 (4.5%) 
1332 (27.9%) 0 (0%) 0 (0%) 1332 (4.9%) 
other 187 (3.9%) 715 (3.7%) 1608 (51.8%) 2510 (9.3%) 
22 (0.5%) 0 (0%) 0 (0%) 22 (0.1%) 
14 (0.3%) 1432 (7.4%) 955 (30.8%) 2401 (8.9%) 
605 (12.7%) 8604 (44.7%) 0 (0%) 9209 (34.0%) 
28 (0.6%) 1408 (7.3%) 176 (5.7%) 1612 (5.9%) 
1018 (21.3%) 7 (0.0%) 0 (0%) 1025 (3.8%) 
170 (3.6%) 5206 (27.1%) 290 (9.3%) 5666 (20.9%) 
134 (2.8%) 1869 (9.7%) 75 (2.4%) 2078 (7.7%) 
0 (0%) 0 (0%) 1 (0.0%) 1 (0.0%) 
Cycling potential 
39.0 (67.8) 36.9 (66.7) 40.7 (55.1) 37.7 (65.7) 
14.0 [1.00, 810] 15.0 [1.00, 810] 24.0 [1.00, 519] 16.0 [1.00, 810] 
Width (m) 
6.62 (2.71) 7.34 (2.28) 8.84 (2.36) 7.41 (2.42) 
7.00 [1.00, 21.0] 7.00 [1.00, 24.0] 9.00 [2.00, 21.0] 7.00 [1.00, 24.0] 
1688 (35.3%) 1225 (6.4%) 447 (14.4%) 3360 (12.4%) 
N. lanes 
3840 (80.4%) 1555 (8.1%) 406 (13.1%) 5801 (21.4%) 
937 (19.6%) 16979 (88.2%) 2266 (73.0%) 20182 (74.4%) 
0 (0%) 490 (2.5%) 289 (9.3%) 779 (2.9%) 
0 (0%) 217 (1.1%) 144 (4.6%) 361 (1.3%) 
bridleway 
cycleway 
footway 
pedestrian/living_street 
primary 
residential 
secondary 
service 
tertiary 
unclassified 
bus_guideway 
Mean (SD) 
Median [Min, Max] 
Mean (SD) 
Median [Min, Max] 
Missing 
1 
2 
3 
4+ 
boundaries can exclude important roads. The definition of ‘city centres’ and 
‘key destinations’ is straightforward in clearly defined and well-understood 
city planning contexts. In contexts where the method must be deployed 
nationwide, however the use of such subsetting approaches was found to be 
problematic, so the Rapid Cycleway Prioritisation Tool for England (v1) uses 
the first subsetting option, but subsets by larger regional boundaries to 
encourage regional collaboration on cycleway network design. 
road attributes 
Pop-up cycleways can be placed either on the side of wide roads (as is the case 
on South Road, Lancaster) or in an entire lane that has been closed to motor 
traffic (as is the case on Park Lane, London). Accordingly, we defined ‘spare 
space’ as either roads on which there is more than one lane in either direction 
or lane width above a threshold (set at 10 m based on feedback from engineers 
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Figure 2: Illustration of geographic subsetting based on administrative boundaries (left), distance to a central point 
(middle) and distance to city centre or key destinations (right). Radii of 5 km, 8 km and 10 km are shown for reference 
(note that some roads within 10 km of the center are outside the regional boundary). Units of speed are in miles per hour 
(mph), with 20, 30 and 40 mph representing 32, 48 and 64 kilometers per hour respectively. 
and the observation that South Road has a width of ~9 m yet can just fit 
cycleways protected by plastic ‘wands’). This definition assumes no alteration 
of the navigable network for motor vehicles. 
To identify road sections with a spare lane we developed a simple algorithm 
that takes the OSM variable lanes if it is present and, if not, derives the number 
from the highway type and presence/absence of bus lanes. Width estimates 
were taken from the CyIPT tool (see www.cyipt.bike for details). All segments 
defined as having a spare space using this method are shown in Figure 3 (left). 
attribute filtering and grouping 
To ensure our route recommendations could achieve sufficient coherency, we 
undertook several stages of road segment filtering and grouping. Segments 
were grouped by road reference number (i.e. ‘A’ or ‘B’ road number) and by 
proximing, within a 100 m buffer. Filtering then removed groups without 
distance weighted mean width >= 10 m or spare lanes along the majority of 
their length, and groups with distance-weighted mean cycling potential below 
a minimum threshold. 
Segments without a reference number were subjected to stricter filtering 
criteria, to prevent the inclusion of unwanted short segments on side streets. 
For all segments, a final round of grouping (ignoring previous groups) with 
a 100 m buffer was then used to remove groups with length below 500 m. 
This step removed short sections distant from any others, thus improving the 
coherency of the results. Finally, road names were used to identify continuous 
road sections with the same name of length >= 500m. Groups containing five 
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Figure 3: Illustration of the ’group then filter’ method to identify roads with spare space that meet threshold values for 
length and cycling potential. The right hand panel contains roads on which the majority of segments have spare space 
(including segments that may not on their own be estimated to have spare space), coloured by group membership. 
or more different named roads were labeled “Unnamed road.” An example of 
the impact of grouping strategy is shown in Figure 3. The resulting network 
shows that grouping the segments first then filtering based on mean group-level 
attributes results in a more cohesive network than filtering individual segments 
then grouping the results. 
selection of top routes 
Top routes were selected from the results of the previous steps. These must not 
be labeled “Unnamed road” or have existing cycleways along more than 80% 
of their length. A high threshold was chosen here because the presence of an 
existing cycleway on OSM does not mean that this is necessarily a high quality 
cycleway. Continuity of cycle provision is important for creating high quality 
networks (Parkin 2018). 
findings 
The results of the method applied to the city of Leeds are shown in Figure 
4 (see cyipt.bike/rapid for interactive version) and Table 2. We found that 
analysis of open transport network data, alongside careful selection of 
parameters, can generate plausible results for the prioritisation of pop-up cycle 
infrastructure. Reducing tens of thousands of road segments down to a 
handful of candidate segments with spare space and high cycling potential can 
support policy-makers, especially when decisions need to be made fast. 
After initially developing the method for a single city, we applied the methods 
nationwide. An illustration of the scale of the results is shown in Figure 5, 
which shows the results for six major cities in England, including existing 
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Figure 4: Results, showing road segments with a spare lane (light blue) and road groups with a minium threshold length, 
1km in this case (dark blue). The top 10 road groups are labelled. 
Table 2: The top 10 candidate roads for space reallocation for pop-up lane reallocation interventions. Roads with ’spare 
lanes’ identified using methods presented in the paper are ranked by cycling potential under the Government Target 
scenario, representing a doubling in commuter and school cycling levels compared with 2011 levels. 
Name Length (m) Potential (Government Target) Km/day (length * potential) 
Headingley Lane 971 546 530 
A660 718 414 297 
Woodhouse Lane 2438 372 907 
A65 787 238 187 
Kirkstall Road 4407 237 1044 
Clay Pit Lane 2235 231 516 
Low Road 516 194 100 
Chapeltown Road 1744 163 284 
Roundhay Road 909 161 146 
Dewsbury Road 538 157 84 
cycleway and ‘cohesive network’ layers, described on the tool’s website 
cyipt.bike/rapid. Local authorities are planning new pop-up cycleways 
informed by a range of sources of evidence, including the Rapid Cycleway 
Prioritisation Tool, and in many cases the plans match the routes highlighted 
by our tool.1 
The approach is not without limitations. Its reliance on data rather than 
community engagement represents a rather top-down approach to transport 
planning. The incorporation of our results into participatory maps such as the 
Kirkstall Road in Leeds and Jamaica Road in London are a couple of examples. Many more examples can be found on posts mentioning the 
tool on social media. 
1 
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Figure 5: Maps showing existing, disjointed cycleway networks (green), potential cycleway routes on wide roads according 
to the Rapid Cycleway Prioritisation Tool (blue) and cohesive networks (purple) in 6 major cities 
one presented in Figure 1 will help to mitigate this limitation. Further work 
could also extend the method in various ways, for example by refining estimates 
of cycling potential based on additional parameters such as proximity to key 
destinations. We welcome feedback on the results and methods at github.com/
cyipt/popupCycleways. 
A major advantage of the approach is that it is scalable. It would be feasible 
to internationalise the approach, given sufficient computer and developer 
resource to overcome the key data barriers: lack to cycling potential data and 
lack of road width data that are specific to the UK. In summary, the methods 
presented can help lock-in the benefits of COVID-19 related cycling booms 
long term. 
This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 
International License (CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/
licenses/by-sa/4.0 and legal code at https://creativecommons.org/licenses/by-sa/4.0/legalcode for more 
information. 
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